We read with interest the article by Goldshmit et al. in this issue of Brain and Behavior. They hypothesized that fibroblast growth factor 2 (FGF2), given subcutaneously in a hemisection spinal cord injury (SCI) model in mice, decreases inflammation and gliosis, increases radial glia, neural progenitor cells, neuronal survival and axonogenesis, and ultimately leads to improved functional recovery.
SCI in human affects a large group of relatively young people with many years of expected survival and severe morbidities. SCI and regeneration has been one of the major areas of research in the last decade and a lot of knowledge has been gained. Crucial to why central nervous system (CNS) does not repair itself compared to the peripheral nervous system (PNS) is the difference in the inherent abilities of the glial cells in these systems. Research has shown that the injured neurons initiate neurite outgrowth both in the CNS and PNS. In the PNS, this neurite outgrowth continues. In CNS, however, it stops for several reasons. Most important are the neurite inhibitory effect of the exposed Nogo's on the surface of the injured oligodendrocytes, the relative lack of enhanced growth factor production by injured glia in the injured area, and the cavitation and the scar tissue formation induced by the inflammatory reaction (Steward et al. 1999; Norenberg et al. 2004; Profyris et al. 2004 ). There is a distinct difference in production and availability of growth factors in CNS for multiple reasons. Part of SCIresearch has therefore come to focus on growth factors as medical "primers" of the injured spinal cord.
There are a number of growth factors that have been shown to alter different cell types and functions, reducing the deleterious effects of an injury, while improving neuronal survival and regeneration. FGF2, which is present in both neurons and glial cells, has previously been reported to have multiple neural-promoting effects on the developing and the adult nervous system of mice and other mammals.
FGF2 has also been found to play an important role in inducing and regulating the proliferation of neural stem cells and precursors, promoting their survival and maintenance in vitro (Arsenijevic et al. 2001; Mud o et al. 2009 ). This mitogenic effect was also detected on spinal cordderived neural precursors (Ray and Gage 1994) . With proper induction and expansion, cultures of neural precursors were able to survive, proliferate, and migrate after engraftment at the site of SCI (Karimi-Abdolrezaee et al. 2006) . FGF2 also plays a role in regulating the proliferative fate and differentiation of unipotent (neuronal) and bipotent (neuronal/astroglial) mouse-derived neural precursor cells, and hence, the generation of neurons and astrocytes in the developing CNS (Vescovi et al. 1993) .
After administration of neutralizing antibodies against endogenous FGF2 (Tao et al. 1997 ), significant depression of the rate of neural proliferation and development, was seen. In mice models, FGF2 was found to reduce inflammation by decreasing multiple inflammatory cells and markers such as macrophages, microglia, CD8 T-cells (Ruffini et al. 2001; Rottlaender et al. 2011) , and limited the CD44-mediated leukocyte migration (Jones et al. 2000) . Contradictory results have been shown on its effect on astrocytosis and gliosis (Reilly et al. 1998; Goddard et al. 2002; Kasai et al. 2010) . However, an interesting observation in zebra fish was that maturing astrocytes exhibited long bipolar processes, which bridged across the two sides of the injured spinal cord. These glial bridges were found to play a role as routes for axonal growth during regenerative neurogenesis, and its formation was dependent on the presence of FGF-signaling (Goldshmit et al. 2012 ). In addition to its direct effects, exogenous FGF2 also functions indirectly via activation of endogenous FGF2 in brain ischemia model in rat (Liu et al. 2006) . Intrathecal administration of FGF2 after moderate or severe SCI in rats was associated with earlier and more pronounced hind limb movements and coordination compared to control group (Rabchevsky et al. 1999 (Rabchevsky et al. , 2000 Kasai et al. 2010) . These remarkable effects of FGF2 have, therefore, led to its use in different treatment strategies for neural injury.
In this study, the authors reported using subcutaneous FGF2 injection as early as 30 min after injury and up to 2 weeks. This method was unique up to our knowledge in treatment of similar conditions because it has been shown that with systemic administration, FGF2 will exhibit unequal distribution to the body organs due to its heparin-binding domain (Epstein et al. 2001 ), and will be exposed to rapid tissue clearance (Kang et al. 2013 ). More importantly, it has also been reported that blood-spinal cord barrier (BSB) has a very limited permeability to FGF2 (Epstein et al. 2001; Kang et al. 2010a,b) . Therefore, previous studies, including both cited references by the current authors for FGF2 application in rodents with SCI (Lee et al. 1999; Rabchevsky et al. 1999) , have administered FGF2 either intrathecally or directly into the site of SCI. Following brain injury, however, some studies have shown that the disrupted blood-brain barrier (BBB) becomes more permeable for some hours to days, and this window can be used for systemic infusion of FGF2 with promising results (Liu et al. 2006) . Whether this time frame also represents a therapeutic window for FGF2 administration following SCI in this study is not known.
It is also important to emphasize that a hemisection model is used in this study. Although the majority of spinal cord injuries in human are contusions rather than transections, in experimental spinal cord research, a transection model is preferred, because crossover through the uninjured side, is a well-known phenomenon (Cowley et al. 2008; Oudega and Perez 2012) . Transection, however, leads to animal morbidity and loss, and many times, a hemisection model is used and the crossover effect is partially compensated by having controls and shams. However, having controls and shams is not an absolute compensation and transection models are preferred.
In summary, this collection of pilot studies has focused on a number of important parameters crucial for experimental animal spinal cord research. The overall results at first sight look promising. Some of the results have been studied earlier or at least in other species but the endpoints are valid and interesting. Nevertheless, the number of animals in each of these five pilot studies is low. Not specific for this study, we should remember that many of the animal studies with promising results are not reproducible (Button et al. 2013 ), the hemisection model is not optimal (Cowley et al. 2008) , mice have an extreme ability for functional potentiation of the uninjured neurons (Steward et al. 1999) , and most importantly, the animal results, although the only way to go, are hard to be translated to human.
Given the promising data, a larger study to reproduce and confirm the results for everyone and each of the pilot studies would be desirable.
